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The present invention reiates to *e prepwation of antithrotrtbogemc surfaces and more particulariy to an 
squeous paint which may bs coated onto the surface of medica! devices m order to rectder those devtces antt- 
flinombogenifi and compattt^e wtth l^looct. 

Extensive investigatioos have been undertaken over many years to find m^fials that wi Ije tsioiogfcaiiy 

5 and chemtcally statjie towards body flui<Js,T}iis area of research has beoome increasingly important with the 
devetopmeni of various objects and articias which can be in oontac* witft Wood, such as artificial organs, vas- 
cuiar grafts, probes, csnnuias, and catheters. 

Artificial materiais are being increasingiy tjsecf as biood contact devices and nsay be sutjject to potentiaf 
generation of tbfombt. Whet? blooei contacts a foreign mater iai, a complex series of events occur. These invoive 

JO protein deposision, oel I ular adhesion aftd aggregaSon, and activation of trfood ooagufaiion scttemes. Consfder- 
abte research has heen Reused on Shis blotxi-materta; intsrscJio!-! in (he lastta^enly years. The Qwsrai! objecttve 
of this researcti has been to trtinimize the potsntiai for thrombi formation on the foteign inateriais. such as the 
device when introduced into She body upon contact with blood, 

Aocordingty, such medical devices are comrrwniy referred to as aniithrombogenic devices. Likewise, the 

15 tern anUthfomixjgenic agent or materia! refers to any material wtitch inhibits thnambi formation on its surface, 
such as reducing piateiet aggregation, dissolving ftbrin, enhancing passivating protein deposition, or inhibiting 
one Of more steps within the coagulation cascade, 

Earty vsforkon antithrombogetiic agents was done by Gott. The method used by Dr. Gott comprised hiBating 
3 graphited surface first with Zepharan (benzaikonium chloride) and then with hepann. Materials treated in tiiis 

20 way were nonthrombogenic in vivo for long periods of lime. The major disadvantage, however, with these mate- 
rials, was that the method could oniy be practiced on rigid plastics and a need stii! exists for a suitable flexible 
antithrombogenic plastic, as well as a mefiiod of producing the same, A recent book on the subject is Heparin, 
D. A. Lane and U. Undshi, CRC Press ir^c, 1989. 

Various materiais have been devisscJ for producing such a materia!. Most involve the use of quaternary 

2» amines in combination with heparin, Firet, quaternary amines were bound to the surface of a pdynwrand hepa- 
rin was subsequently ionicaliy bonded thereto. See, for example, Leining et ai US-A-3,617,344. Later, Gfotta 
in US-A 3,846,353 suggested compiexing heparin with a quaternary amine on the pdymer surface. In US-A- 
4,367,749; US A-4,34g,467; US-A-4,302,368 and US ■A-4,1 16,989 a Series Of quaternary ammonium e«dts are 
disclosed which may be used to affix the corresponding quaternary amine to the surface of a pdymerforsut*- 

30 sequent ionic bonding to a negative Ion of sodium heparin which may, fcr example, have arched sulfate and 
suifonate groups. 

Acompating system involves the use of polyalkyteneimines in combination with an anti-thrombogenic agent 
such as heparin. Early work on this system was done by Love et al. and is re(»«sented by US-A-3,616<93S, 
which discloses use of polyaikyiene-imines to irreversibly adsorb the antithrcmbogenic agent to the intended 

3S surface through the formatfon of ionic bonds. US-A-4,639,339 dfedoses use of a sulfonated poiyethyieneimine 
either aione or in combination with a heparin sait. 

M of the above-mentioned systans are leachable ones wherein the heparin is ionicaliy bonded to the 
polymer surface. Controversy has existed ibr years as to whether heparin should be {car should not be) gradually 
ieached from the poijmers at the biood interface in order to exert its anticoagutant effect As stated in Ebey et 

m ai., "H8parlnii:atic)n of Matiicai Grade Polyurethanes", Joumai of Biomaierfais Appiicatbns , Vol 2. pp. 475-513 
{1 988), "If heparin must be ieached, the useful life of the materia! is limited . Sf ixinded heparin can exert ife antl- 
coagulant effect without being eluted into the Mood, then, the goal of long-term thnomboresistance appears 
possible to reach." Ebey ef al. concludes Umi, in fact, thromboresisfance can exist in the absence of teaching 
of hepann and the .authors go on to discuss various methods for chemically isindiog heparin to medical grade 

4S polyurethanes. Antithrombogenic polyurethanes are also discussed in the patent iiten^ure. See, for example, 
Solomon et ai. US-A4,521,564 and Yen et a!, US-A-3, 755,2 16 and US-A-3,853,804. 

The work done on preparation of heparinized polymers as thromboresistant bicmatsria! has tieen sum- 
maiized by Wiison in "Hemocompatible Polymers: Preparation and Properttas", Polm-Piast TechnoL En^^^^ ^ 
Vd . 1 6. pp. 1 1 9-208 (1 981 ), From the titeraf ure it is known 1urthami«we. that some syntiiefic materiais by them- 

» selves are antithrombogenic, particulaily those with negafiveiy charged molecular groups, such aa ethyiene- 
aorylic acid copoiprors (EAA) and their esteis and sdis, s^rthetic materiais which contain crotonic acid 
copolymers, and sulfonated synth^ic materiais which contain SOgH groups. See, for examt^e, Sawyer US-A- 
3,886,94? which disposes a non-thrombogenic caftefer made of s copoiymer of an acidic materiai and 
ethylene; Boisson et al. US-A-4,568,72S which disposes anticoaguiating polymers or copof^ers containing 

ss SO3H and SO3R wherein R is a radical derived frt»n argine, and the background discussion in Braun US-A- 
4,265,928. 

The Braun patent discloses an antithrrmibogenic retentive catheter having a coating applied by immersing 
the catheter in pyridine or a toluoi/tetta-hydrofuran solution of a copofymertzate of eth^ene with acryiic acid 
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{or esters or salts thereof m4 drying. As such 8rau n r^ates to a coaSrtg or psint, albeit an (arganic basad orje, 
which )5 used \o treat a poiymeric inedicai de>^c8 to render it antithrombc^entc agent, and relies soisly on the 
antithrornbogenic nature of the EAA copolymer itseif. 

Feijen et a!, US-A-4,e34,762 discloses an aqueous, t)lood compatible, paint in the form of a conjugate of 

5 an afiticoagiitant snd protein in sn aqueous fnediutn. Preferred are heparin-aibumin cotnpiexes wiierein a cou- 
pling agent such as 1-«!hyl-3-dimethyj-aminopropi^-carbod((m)de is used io form atrine linkages between tiie 
heparin snd albumin. The result Is a conjugate which may be attached to a substrate surface either in assoct- 
ation with a cross-linking operation or by being absorbed thereto, 

Whife the sysfetn of Feijen et ai . is m imprcvement on those of the past, it sfitt has a n»mber of drawbacks. 

JO Tc[its, as pciliiteci out in Feijen et ai. US-A-4,6s34.762, s! ii ne<:ess;an,' to sseparate the fortned conjugate from 
free protein and heparin that reniai!i unreactsd. "i'^-e prnosss for dosno If complex and Bme consuming, it 
<.vouid: tiwfefore, be desirable to produce aii acijeoijs, tlcod compffiii^e 0H:nl in a more effceni manner, 

AcGordingly. the need exists for improved aniithromaoger ic sur'sre treatment materials and for s more effi- 
cient methods of preparing the materials . 

15 Tliat need is met by the atjueous paint, which upon drying is biood compatible, of the present invention, 
Ttie paint of the present invention has as Its primary ingredients; water, an antithrombogenic agent, an organic 
pot>«Twric biRder which is compatitte with Sie antithromb<^enic agent and is not teaciiabie in acidic solutions, 
and optionaiiy a material which is compatibie with ti^e antithromb<^enic agent and oi!ganic binder and which 
functions to provide space in a layer of lihie paint so that the antithrombogenic agent can contact the blood. 

20 The aqueous paint may be applied to any solid subsfrate whfch comes into contact with blood to render 
thateurfeceantfthKHnbogenia iUostmedlc^de^ncesaremadeof m^l, ^ass, plastic, or combinations thereof. 
Thus tnetal medical devices and giass medica! devices {w parts Sisreof) may be turned into antithrombogentc 
medfca! devices by coafing them with the arjueous paint of the present invention and drying. However, the 
aqueous paint is most applicable far use on medical devices (or parts thereof) mads of polymeric resin mate- 

25 nais, inciuding flexible plastic medical devicee, 

Antithromnogenic agent or matemi as used herein means any material wiiidi inhibits thrombus formation 
on ife surface such as by reducing plaisSef aggregation, dissolving fibrin, enhancing passivafing protein dep- 
osition, or Inhibiting one or mors steps in the coagulation cascade. An antithromixjgenic agent may be heparin 
or sulfated chitosan or any one of a number of other materials such as extracts from lungs, liver and intestines, 

30 prostaglandins, urokinase: streptokinase sulfated poiysaccharide, albumin and mixtures thereof, Prefen^ed is 
heparin. Heparin is a term known in the art as referring to s farniiy of straight chain anionic pojysacciiarides 
wtttch contain unfracfionated heparin ^that ts a heterogeneous mixture of imm than 30 molecules of varying 
molecular weight extending ttam 1,200 to 40,000 daitons} as w^i as hepann fractions such as commercially 
avaliabte low nv^eoilar weight hepailn fractions. 

3S The non-leachafjie binder is any wganic resin which is compatil^e wjtii the anethrombogeoic agent which 
when coated onto a surface and dried adheres to the surlace. and Is not teachable in acidic sc^uSons but pref- 
erably Is soluble In basic solutions. Preferably an acr^ic acid copolymer such as an ethyiene ao^ic add <EM} 
copoiymer having from 75 to 95 percent by weight ethylene content and S to 25 percent acrylic add content is 
used. Other acrylic acid copolymers may also be used as iong as 8ie copoiymer is pH sensftlve from a solubility 

m standpoint. A particular advantage of EAA is that it becomss water ifi,so!ub!e, and Ititjs non-teachabie in blood 
at the slifihay acidic pH of blood. On the other hand EAA is highiy soiufcfle in alkaline soiuttons. This pemiits 
processing of the aqueous, biood compatible, paint under alkaiine conditions, but once the paint has been 
coated onto a solid subs^ie, dried, and brought into contact with biood, tis componer^ are non<leaohab!e, 
Stili. the EAA may be redissolvecf in an alicaline soioSon, making 'A possible in wash the equipment and dean 

4S the solid substrate, even after deposition. 

The spacer material Is aiso preferably non-teachabie under slightly acidic conditions. Preferred isacolioidai 
silica. While tx)ISoidai silica is somewhat brittle and deiicate, it has the advantage of being highly con^atible 
with EAA, it is soiubie in water at approximately the same pH range as EAA, it h insoiu^e at the slightly acidic 
pH of blood, and it serves nicely as a spacer materia! which cnsatea on the substrate an even array of solid 

» particles amongst which tt?e antithrcm^osenlc agent is dispersed and bonded by the EAA, Other colloidal mate- 
nais may sSso be used as long as they are salt firee and have similar non-ieachaWe )»operties. They indude, 
for sample, coliotda! a<|ueous suspensions of aiumtrtum and titanium oxides and hydroxkfes. 

Finally, ^e water of the afjueous paint may be just that, that is pH 7 distitfed water; although, preferabiy it 
has a base added to it so that the aqueotis mixture is alkaiine in pH. Ammottia compounds are prefe^sd as 

55 the base sines NH3 escapes from the paint upon drying thus giving a better paint than if sodium or other Inor- 
ganic isases are used. As mentioned because of the soiobiiity of EAA and colloida! siSica in that range, the paint 
is easily handled atid does not futty set-up until coatee onto a substrate, dried, and contacted with blood. Thus, 
the acjueous paint of the present Invention preferably comprises water, base, heparin, ethylene acrylic acid 
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tsopofymer, and opttooaiiy coltoidsi sSica. 

Among tim polymeric rssin mateiiais wtiidi may used as scriid substrate am poiyote^ns, pdyamides, 
pofyurstftanes, polyesSers, piSycartionatea, polysiioxanes, poityaaj^ics, pt^ys^rens, pofytetfa-fiooweJhj^ena, 
poiyvinylchlorWe, and natural and synthetic nibber. In most instances it Is desirabfe fej sulfonate tfte surface of 

5 the pd>merfe resin materia! prior to casating it with the aqueous palm. 

SulfonaBOfi may be acoortipiished fw ©xampie by using the process and apparatus disdosad in US-A- 
4.902.493 and US-A.4.915,912. 

Medicai devices or parts ttiereof, wi^etfter it be metal, glass or sulfonated {Mastic, may be rendered antit- 
hrombogenic tiy coating K with 8i« aqueous, blood compaSbls, palrrt of the j»«seRt invention. Other solid sob- 

w strates, and not just medical devices or parts thereof, may be rendered atitithrombogenic by fte method of the 
present invention wiiich involves coaling a surface of thai auhsiraie with the aqueous paint aiid drying. 

Alternatively, the method of tha present invention also invaives the step of fuftiisr tr&ating the coated sub- 
strate with a bonding agent, such as a dialdehyde, such as, glularaide" yde, whsch upon drying or curing hsips 
adhere the paint to the soiid substrate. A& Wiih the ccmrponents of the aqueous paint, the bonding agent should 

15 be non-}eai*iabfe in biood and otherwise safe for use with medical devikas. "Hie nssuit is a coated medicaf 
device having improved antilhrcwnbogenic properties. 

The antithrombogenic medica! devices fte present tnvenfcn M into the pemf»anent!y tJirombo-resistant 
category in that the antithrombc^ntc agent is trapped by fee non-leactiabte binder, arid thus can exert its anti- 
cosguiant effect without being eiutsd into the Wood. Long temi thnomboresistanoe is achieved. 

20 Anotheradvantageof thepresent invention isthatthespacermaterfaiintheaqueouspaintand on theresui- 
tent antithrombogenic surface, evenly disperses the an^rombogenic agerit At the same time, because of its 
particte size, the spacer matertaf insulates and protects the binder-bound agent {which is found in fte interstices 
of the spacer material) untii contact with the contacting Ruid, such as brtood. 

The paint can be made up with a wide range of concentrations of the indivldua! constituents. For example, 

25 on a percent by weight basis the paint can comprise; water 50 to 9§ percent, antithrombogenic agent 25 to 0,3 
percent, organic binder 26 to 0,3 percent, and optionally spacer matenai to 26 percertt. Preferably for ease and 
qiiSckness of appfication the faiiowing ranges are used, water 10 to 98 percent, antithrcmijogenic agent 20 to 
1 pfircerif, organic binding agent 20 to 1 percent and spacerto 10 percent. 

Accordingly, it is an object of the present invention to provide an aqueous, biood compatttae, paint; anttt- 

30 hfombogenic surfaces made by coating the surface with tfie aqueous paint anfithrombogenic medicaf devices 
coated with the aqueous paint a method for preparing antithrombogenic surfaces and antiih«Jn*c^eoic medicai 
devices and a method for prepartog the paint. 

In the most prefenred embodiment of ^a present invention, the aqueous paint of tha (S'ssent invention con- 
fains water, base, heparin, efeyiene acryiic acid copolymer, and colloida! silica. AntJ^ombt^nic agente otft^ 

35 than or in addition to heparin may be used. I^ion-leachabie binders, other than or in addition to acrj^ic acid 
copoiymers may be used as long as they are non-leachabte at blood pH. Other non-leachab)e spacer materials 
may be used together or in ^ace of cdloida! silica. Thus, the aqueous paint is essentially a mixture in allcaiine 
st^utlOR <rffhe antithrombogenic agent, a oon-ieachsble binder for it. and norvieachable spacer materiai. After 
being coated onto the intended surface, the antithrambogenic agent is dispefsed snd houtid by ihe binder 

m amongst the arrayed psrtides of spacer materiai. The result is a surface having iiie essentiaiiy permanent antt- 
thrombogemc propertiss discussed above. 

The aqueous paint of the present invention is useful in preparing antithrombogenic medical devices. 
Becauise the aiilithromboganic properties are esseniiaiiy permanent, it i,s particuiariy useful for ln-dwe!iing or 
perrrtanentiy attached rjsedicai devices such as artificiai organs, va.scuiar grsfls, probes, cannulas, catheters. 

4S blood ffitere. biood sensors, biosensors, biood oxygenators, diaiyzers, and tubing. Whiis such medical devices 
often contain metal or giass parts to whicii the aqueous paint of the present invention readiiy adiieres, matiy 
am fabricated of or contain polymeric resin matenais. 

Polymeric resin materiafs such as polycarbonates, pofyurethanes, poiysSoxanes and polyoiefins are not 
as easily coated wife *e aqueous paint of the present invention. Accordingly, it is des^bie to sulfonate the 

» surfaces of the polymeric resin materials using for example the process and apparatus of US-A4,9O2.403 and 
US-A-4,91S,912. There is disdosed in those patents a system for the production of sulfur trioxids reagent and 
the use the sui^r tnoxfde reagent so geti^ated for the surface tnsatment of pdymeric resin mateiiais. The 
system thens disclosed is parScuiariy usefuf witti medical devices, where the sutfaces whiJ^ contact the blood 
Of other body fluid of a patient must be wster-wettabfe, 

55 Wettability is needed to prevent air bubbles from sticking to a surface and ending up in a patient's blood, 
or causing tfreguiarflow through atut>e orthe ftke. Wettability is afso important for preverfting biood from stid^ing 
to or ooaguiating on a surface. However, most, if not alf, of the polymeric resin materiais utiiized in sucfi medicai 
devices have hydrophobto surface pmperties. Sotfonation of such surfa<^ mai^e the surfaces hydrophiiic and 
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thus water wetlabie. 

When thd surfaces of the polymeric resin niatenals have been sulfonated, it ts also possible to render them 
antithrombogenic by eoattng them with the aqueous paint of ttie prssetit invention, and drying, it sftouff! be rec- 
ognized thst there are some pofymeric materials or other treaftnent for polymeric materiais other than suifo- 
5 fjation which may b« useful, Aitertiativeiy, a fortber treatment with a isoriding agent such as giutaraidehyde is 
used 60 insure an even twttsr, more permanent adherence of the paint to the surface of the soiid substrate. To 
prepare a preferred paint of the invention, (fie binder, such as an ethylene acryiic acid copolymer, is dissoived 
In water containlr^g HHj ts render ft basic. This trtixture is then mixed wim tfie antlthrombogenic agent such as 
iieparin in water and then optior»a!!y w!^ the spacer materiaf such as coiioidai stlica in water. The paifit wiii set 
JO up when dried. Drying can be accelerated by heating to a temperature of 40 to 80°. The HH^ wiii evaporate 
changing the pH of the hinder. 

The following examples are illustrative of the aqueoKs, biood compatibfs. paint of the preferred embodiment 
and the antithromSxjgentc nature of the surfeces so produced; 

A thrombofesistance test was conducted to ©valtiate the fnteraction of the antiSwomtw^nic paint surface 
with Cffcidating canine blood. An ex vivo saeening method was employed. A healthy, random-source dog 
obtairsed from a USOA licensed supjirfier and acrfimated to the faboratory was selected for this siudy. The dog 

20 was identified by its USDA tag number and individuaily housed In a tionnel am, Cottmmasi dog food was pro- 
vided deity and tBp water Ireeiy siven. Blood was drawn for analyses as deemed necessary. Test/contrc^ savn- 
pies were spproximateiy 23 mm in diameter in order to fit the ex vivo test chambers required. Two samples 
were secured inside each fiow^-through plastic chamlser device as part of an arteriovenous shunt 

The dag was (Aaced under general anesthesia in a routine fashion and the femora! vein and artery wers 

2» isoiated via surgical cut-down. Intravenous tutiing was connected to tiie artery and vein to create an externa! 
arteriovenous shunt in conjun ction with the chambers. Exposure of tie sample surfaces to circulating blood in 
the manner for various time intervals was immediately foffowed byrinsinQ with saline. The samples had, before 
the test, been coated with an aqueous soiution containing the constituents shown In Table i as parts by weight 
and dried to form an adherent coattns. In sample nunibers &-14 the aqueous solution contained 20 percent by 

30 weight of the constituents and in sample numt>er 2, 21 percent by weight of the constHuents. A!! test/eonlr<rf 
samples wers subsequentiy refrigerated and prepared for scanning eiecb^ofi microscopy (SEM) examination 
and pliotomicrograptiy to determine the extent of pisrteiet deposition on blood-exposed surfaces. Tfie highar 
the number of plateiets, the lower the thromboresistance perfcmance. Total biood exposure time was S 
minutes. The samples used in this example are desorlbad in Tai^e ) as follows: 

ss 
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TABLE I 

Thromboresistance Test Samples 

The substrate surfaces were aiace from pciystyrena film 
and sulfonated with SO3 in air. The constituents are 
reported in parts by weight. 



15 








Number 


Treatnienc Descripticn 


20 




Sulfonated only (cantroL! 




2 


Sulfonated plus 16 pacts Heparin, 44 
pares EAA*, 39 parts silica 


2S 


S 


Sulfonatad plus 40 parts Heparin, 10 
parts 8AA 




6 


Sulfonate*} plus 60 pacts Heparin, 40 
parts £ftA, 30 parts silica 


SO 




Sulfonated plus 40 parts Hepatin, 40 
parts EAA, 2Q parr.s silica 




8 


Sulfoaatad plus 40 parts Sepatia, 30 
parts EAA, 30 parts silica 


SS 




Sulfonateti plus 40 parss Heparin, 20 
parts 40 parts silica 




10 


SuISonated plus 50 parts Heparin, 10 
parts SftA, 10 pacts silica 




il 


SulEo«ated pins 5 parts GIucosaesinB, 
5 parts Hepari.". 






Sawe as ll but wish higher level of 
sulfonation 


4S 


13 


Sulfonated plus 5 parts 
Hexamethyldiaruins, 5 parts Heparin 




14 


Same as 13 but with higher level of 
sulfotiation 



* Ethylene acrylic acid copolymer 



SS 

The results of tfte sttjdy ars sufflmanzdd tn Tabte !i m set forth befow. in genera, ai! but sampfes 7, 8 and 
9 ijutper^ormad the suffonated control. 
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TABLE II 



Sample 
Number 


Platelet Mhasioa 


2 


Much better than the control 
{sample fl) 


5 


The best performing treatrtient 
3 minutes 


g 


Much better than ths control 


7 


Ssiue as the control 


g 


Satne as the control 




Much worsf^ than the control 


10 


Slightly better Lhan, the 
control 




Much better than the control 


12 


Much better than the control 


13 


Much better than the control 


14 


Much better than the control 



so 

Example 2 and Cooiroi Test 



An in-vitro thrombofiemcity was conducted via the plate methoti as described b^ow. The samples 
employed in this stuciy are as set in Table ! as shown above. 

3S Aiccff^ sectiot) was cut from each of the tvvelve sheets of samftfes as described in TabJe 1 and tfansfewed 
to separate sterile Petri dishes. Appmximatsiy SO mi of whc^e rabii>lt biocd was obtained by cardiac puncture 
of an artesthetized rabbit. The hiood was immediacy placed onto the surface of two 1 5 x 150 mm TtypUc Soy 
Agar (ISA) pistes {30 ml of blood per plate). Half of the samples were placed onto each plafe with the coated 
side of the samples in contgct with the blood. A secfion of acid washed glass tubing was also added to each 

m plate as a positive contro!, The plates were iricubated at im 20 minules. 

Tire lest was repeated by embaddifiQ one edga of each sajnple section intotiie agar surface. This pemittted 
exposure of both the coated and uncoaied surfaces to the biood. The biood coHectiort and mcubation werB per- 
formed as described above. Foitowirig jriajbalicui. She sediorts were feuxived kom iiie piaiss using Fwceps. 
Upon removal, each of the sample sections were ab.sen/ed fcf evidence of clot adherence, 

4S The restflts indicated that oone of the samples, inciuding the suifooated control (sampie M 1 ) had any signs 
of clot adherence aftw 20 minutes, Afi of the samples as set forth In Table I unexpectedly did not show dot 
adherence. 



Exampie 3 arid Coofroi Test 

The purpose of this studywastostafeenwcompare the thrtmiboresistanoe of warious types of tubing mate- 
date, it is most tisefiii for compadng ^e reia&e thromboresbt3r«% groups of materials or tubings with and 
without nonthrombogenic or ariticoaguiant coating- These samples were prepared &om tubing approx&nateiy 
120 cm in ler^th with an intemal diameter of approximately 2S mm. Segmented samples of glass tubing were 
55 used as a positive conft<:rf. The samples are set forth in Table ill below. The samples coated with heparin only 
were prepared by washing the tubing with a 10 percent by weight solution <iiS heparin In water (Samples 3 and 
7), The paint of the present invention {Sampies 4 and 5) was applied as an 18 percent by we^ht aqueous sol- 
ution. 
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TABLE III 

The substrate surfaces were therjnoplastlc polyurethaaa 
(TPU) and polyvinylahlorida (?VC) and sulfoaafced by 
exposure to a soiutiors of 0.5 percent SO3 in Freon 113 
for 15 secondSi, 



Sample 
Number 


Treatment Description 




TPU 


untreated 


2 


TPU 


sulfonated only 


3 


■TPO 


sulfonated plus Heparin 


4 


TPU J sulfonated plus 16 parts 
Heparin, 44 parts SAA, 40 parts 
silica 


5 


PVC 


untreated 


6 


PVC 


sul£onat-?d only 


7 


PVC 


sulfonated plus Heparin 


8 


PVC 
Hep 
sil 


, sulfonated plus 16 pacts 
arin, 44 parts EAA, 40 parts 
ica 



A healthy rantiom source d<^ weighing appfoximatety 10 to 20 kg was fasted overnight Following anes- 
thesia, the Amoral aitery on one side was sutsicaiiy exposed and a test tubing sample, {nne>^!;ed with sterile 
ss 0,9 petceat saline, introduced into the arteiy. The insertion was facititatsd by fitting an adapter to one end and 
a syringe fo the other. After insertion, the sytinge was removed and the Wood aiiowed to freeiy flow for fm 
seconds. The tubing was then damped at both ends and removed fipom the artery. The samptes were Immersed 
in a ST^'C water bath. Six segments of the tube {1 5 cm each) were segmented by damping and cutting tlie tube 
and the tubing was removed, one section at a time, at time intenfats. The damps were removed and fee blood 
*) empaed onto a sscJion of white atisorbent paper and examined for the pnasence of dots. 

The endpoint of the test was the time required for the formation of dots 2 cm or more in length. Satnpies 
were compared by the length of time required to produce the 2 an dots. The samples were studied for tota! 
dot formatisf) relative to a known positive glass control as wel! as other oontrot samples such as the untreated 
and sulfonated only samples, A positive result was determined by a dot of greater than 2 cm. The total test 
4S time was 300 minutes. 

The results of thss study are set foj* in TaWe IV as shown beiow: 
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TABLE XV 



Sample Muniber 


■rintie to Clotting 


Glass Tubing 
(positive 
control ) 


after IQ tnin., clot >2 cm 


I (TPU) 


after 15 s\in.. clot >3 cm 


2 (TPO) 


after 30 min., clot >2 era 


3 (TPU) 


no clot after 300 min. 


4 (TPU) 


no clot after 300 min. 


5 (PVC) 


after 40 min:, clot >2 cm 


6 (FVC) 


after 30 min,, clot >2 cm 


7 (PVC) 


no cioc after 300 min. 


8 (?VC) 


no clot after 300 min. 



2S 

Most nontfeated/rtor^hepatlnized jl^astics fai! wittiin an intermediate QfOup witii closing times ranging from 
23 to 1 73 minutes. In general, these resuits showed increased eiromboreeistanoe pe^fcsmaRce proceedmg fram 
untneated, to suifonated, to heparinized samples for both TPU and PVC, 

30 Exampie 4 

A biocompatibiity ^udy (orcytotoxteity using on agarose overtay was compietsd on the samples described 
in Tat>te I abova according io ^ofollowlrtQ pfocedum. A monolayer of L-d29 Mouse Fiijroblast cells wens grown 
to conSuency and ovedaid minimum essential medium supplemented with serum, antibiotics, neutrsi red, and 
3S agarose. The test artide was placed on Hie solidified oveday surface. 

Fdiowitig Irjcubatlon fw 24 hourse, the culture was mitstwconicaSy examined for evidence of cei! deco!- 
orkatlon to determine the zone of ceii lysis. Any decdorized zone present was examined microscoptcaiiy to 
confonn cei! iysis. A "nontoxic* oiiservaSon indicated that no change in cell monJhology occtirred in proximity 
to tlie test sample, Cooversefy, a "toxic" observation indicated death aiotifm degenerafion of ceiis direotiy 
*) beneatft the area of the test sampfe and possibly also within a zone extended beyond the test samfrfe. Where 
8 zone of jysis was observed, the distance irom ^e edge of the sample to tfie edge of the zone was measured 
and repotted in millimeters (mm). 

The resuits are set forth in Table V as showr) below: 
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TABLE 7 



Sample Number 


Observation 


Zone of Lysis 
{nun} 


1-11 


Nontoxic 


0 


12 


loxic 




13 


Nontoxic 


0 


14 


Toxic 




tJegative 
Control 


Nontoxic 


10 



The results ijidfcabsd that a!! the test sampies in Tabie t were noncytotoxtc except for sampie number 12 
and sampte number 1 4, Theee two aampiea were bigbfy sulfonated with glucosamine and diamine formulations 
ss> which is consistent wth bto-toxic data prevbusiy gen^ated. 



Claims 

2S 1, An aqueous paint suitable for the preparation of antithrombogenic surfaces, comprising water, an antit^ 
hromtxigenic agent, and an organic polymeric binder which is subsiantiaiiy nonleachat^ie in blood. 

2. A paint <^ Clain; 1 , wherein said antiitirombogenic agent is heparin or sui^d chitoean. 

30 3. A paint <rf Ciatm 1 or Ctaim 2, wherein said binder is an acrylic acid copoiymer. 

4. A paint of Ciasn 3, wherein said achylic acid copdymer is an ethylene acrylic acid copolymer having an 
aoryiic add content of between 5 and 25 percent. 

35 & A paint of any one of the preceding claims, tnciuding in addition a spacer matedal which is sutjsfantlaiiy 
nonleachabie in btood. 

6. A paint of Cialm 5, wherein said spacer materia! is colioidai silica, 

*) 7, A paint of any one of the preceding claims, which has a basic pH. 

8, A paint of Claim 7, comprising ammonia, heparin, an ethyiene acryisc acid copoiyn^ier having an acrylic 
acid content of tjetween 5 and lA percent, and cotfoida! siffca. 

46 9. A paint of any one of the preceding claims, comprising 50 to 99 wt % water; 25 to 0,3 wf, % antitiirom- 
bogenic agent; 25 to 0.3 wt. % organic binder; and, optionaSy, sip to 25 wt, % spacer material, 

10. A paint of Ciaim 9, comprising 10 to 98 wt. % water; 20 to 1 wt % antithrombc^nic agent; 20 to 1 wt. % 
organic binder; and, optionally, up to 10 wt. % spacer material, 

11. A method for renderfrig antstbrombogenic a surface of a solid substrate comprising coating said surface 
with an atjueous mixture of water, an anfithrombogenic agent, and an organic poi^eric binder which is 
substantiaiiy nonleachabie in blood, and drying said coating to provide a coated surface of said subsb'ate. 

55 12, A method of Ctaim 1 1 , wherein said paint 1$ as claimed in any one of aalms 2 to 1 0. 

13, A method of Ctaim 1 1 or Ctaim 1 2, further induding the additional step of treating said coated surface with 
a bonding agent. 
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